The purpose of this study was, therefore, to investigate the causes of non-amplification by the PCR when using formalin fixed paraffin wax embedded tissues and to devise a reliable reproducible method of amplification of nucleic acid from such tissues.
tion. It has been shown that such inhibitor(s) exist when amplifying the human fl globin gene (which exists in human genomic DNA as a single copy gene) from routine clinical samples. A variety of methods to remove such inhibitor(s) were investigated. The results indicate that inhibitor(s) are removed by proteinase K digestion, followed by purification with phenol/ chloroform, and centrifugation through a Centricon-30 membrane (30 000 molecular weight cut off). Other factors, including the length and concentration of the DNA sequence to be amplified, can also affect amplification.
The polymerase chain reaction (PCR) permits specific and rapid amplification of nucleic acid sequences from a variety of materials, including blood, hair and fresh or frozen tissues. ' In view of the large amount of archival material stored in pathology departments, retrospective analysis of formalin fixed, paraffin wax embedded tissues has also been performed. 2' Several reports, however, have indicated that the PCR on such material is not reliable, the failure rate varying between 2-31 %.' We have also noted this intermittent failure of amplification from such tissues. 9 The purpose of this study was, therefore, to investigate the causes of non-amplification by the PCR when using formalin fig 1B lanes 1,3,5 ).
REMOVAL OF INHIBITOR FROM TISSUES
A variety of methods were investigated for removal of the tissue inhibitor. Figure 2 shows that the inhibitor cannot be removed by boiling and proteinase K digestion. It is necessary to extract with phenol and centrifuge through a Centricon-30 filter. Both of these latter procedures are necessary, as no amplification was obtained without Centricon-30 filtration (lanes [1] [2] [3] [4] [5] [6] [7] [8] .
EFFECT OF TARGET DNA QUANTITY AND QUALITY
The effect ofvarying the amount oftarget DNA extracted from formalin fixed, paraffin wax embedded tissues is shown in figs 3 and 4. These experiments used a two stage nested PCR. Figure 3B shows that some samples extracted from such tissues still failed to amplify, despite use of the full extraction procure. Comparision with the ethidium gel electrophoresis (fig 3A) , however, shows that the failure to amplify was associated with absence of detectable extracted DNA. This effect was confirmed by deliberately varying the amount of DNA extracted from two tissue blocks (fig 4) . This clearly shows that less than 50 ng of target DNA can be associated with failure to amplify and that up to 2 4g can be amplified successfully. Another factor investigated was the size of the target DNA fragment. While amplification from formalin fixed, paraffin wax embedded tissues could occasionally be obtained with the # globin external primers alone (a single round of PCR), not infrequently this single round of amplification failed to give detectable product (data not shown). Accordingly, a second round of amplification, using internal primers was performed. This resulted reliably in a 227 base pair product. In contrast, single round amplification of formalin fixed, paraffin wax embedded tissues of a smaller fragment (110 base pairs) was usually successful (data not shown), suggesting that the failure of single round amplification of the 355 base pair fragment was due the size of the target sequence.
USE OF OPTIMISED PROTOCOL
To determine the reliability of the optimised DNA extraction procedure 27 formalin fixed, paraffin wax blocks were used for amplification of endogenous human # globin gene. All were amplified successfully. We have occasionally found that some samples fail to amplify even using the optimised protocol. On repeating the procedure on further tissue sections, however, successful amplification was obtained. It is not clear whether this represents random technical error or a "tube" failure of the PCR.
In conclusion, the above results indicate the absolute need for inclusion of an endogenous positive control when performing PCR amplification, especially on formalin fixed, paraffin embedded wax tissues. This is in addition to the requirement for a negative control, to correct for contamination."5 If some samples fail to amplify then use of adequate amounts of target DNA, purified by the optimised extraction procedure and targeting of a sequence length of less than 300 base pairs, should permit successful amplification. 
